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ABSTRACT : PROBLEM TO BE SOLVED: To reduce off-track generated when a light quantity of side 
beams is in an unbalance state and a rotation adjustment error of grating is generated in 
the tracking control of a differential push-pull system used for a recording and reproducing 
device of an optical disk. 

SOLUTION: A balance amplifier 14 in which an addition ratio can be varied is provided at 
an output side of differential amplifiers 8, 9 generating a side push-pull signal. Amplitude 
of each side push-pull signal is adjusted by the balance amplifier 14 and addition is 
performed by an addition amplifier 1 1 . Difference between an addition signal and a main 
push-pull signal is calculated, and a tracking error signal is generated. Thereby, even 
when a spectral ratio difference of grating or an adjustment error exist, a tracking error 
signal having less off-track can be generated. 
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izfmt LXZ^mMftZ* **4y t'-AM'^ 
1 . Jf?2c^M Kt'-At LTSt^L, ^it^>cO»ffi 

^t:i^t ^h77^f yrwrnm^zteSL-t hz\tizx 
k> , tEt-' a;«h7 7; # y h h 
??*y rw&m^mimzii wx . us 1 h e 
-a<757° -y v a yivmm ttiJrf&Mi <r>mhT yy 

m2W4 w-j±<r)yvi'*.y)\sm j %$:\£J}-th 
m2<7>mm7y7t. ^^y\L-M,<r>y -^ya.y)vm^ 
zttttt&m3<7mM7yyt. miasm. m2cr>mm 
ryyoiiiJiZ tenyj ytKhkoizR. 
m^a. iii, m2<7>m}Tyy<r)&tiwmm\^< 
tchXoizwm-ht^y^yyyk. m&^y^r 
yycr>m^m± : S:mn-fhimTyyt. mmmry 
yfrt>cr>ftj)&mm&§sifei-2>7yyt. mzryyR 
vmscr^Tyyn&Kcry^mz&tthmwm 
mryyt. mi'^yz.ryycn&ji^amah&ti!, • 
7j^--2.m5o3i»r>'7-t , Btriar-y^iy-yi-n-^cos 
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[0021] izx'^m^oititr :' ^^.nvmnco 

[0022] ^mnmimsnwmt. mimA%mcr> 
h ? •? * y7imm-tT±f&3&w$:m^K h ^ v ^ >- ?m 

la? D^/^x?&±H^tB;me|5!iffl LT&tb L^nf/fBliS 

5^«iT>-r<7)ait) h j»-£gnr-.g> «fc a «c. Hufa;<7 

<r>x*fo&. 

[0023] *P.<50«*JI 6 <OS69H±. 3fc-f < *9 

7 ••/ 9 (cM?Jt LT -ecDRStft^* ^ 4 v \z-J*Rtfm 
1, m2<7)-»/--f Kb'-^i: LTSKKU .TftS><7553fcf8 

5 -v * ^sme#*ri3si(ctj^-c . m i <wm f t* 

SS 2 <7)MiST VTi:. ^ > t'-A(D7 >y i» a 7VKt# 

r yycD&ji & z^wttf—mcoyj > -t & h x 3 tcjt 
mi. ^(vmmTyyoftJiimtfmvK 
tezzoizmffitzs^yxTyyt . mria^xxT 
>T<7)\£t)m±K%m-fz>KmT>rt. 2ocda+ko 

im&Lxme&4<7)mmTyy't,ziii*'t2>Tyy-£ . 

SMT yyt . MlfflUD^r x r&t/Miam 5 onibT v 
TcoffiTj £ iiitf: LT Ml ar yyiztiiJrt hW, 1<VW9M 

tst. mszmsnmmTyycviiijjRrsmmi'^z 
®vwk£xm^4cDmmTyy°iziiiji-r&m2(r)W*) 

mast. &Mffi1-&z\b$:m8Lb't2>i><7)X'$>&. 
[0024] *P.<0fjt*JS7 If*«6ie»c0 

s*at*o-c. ps^ttiiiriemi^fljo^xiisrm 

5cD^iJ)T>'7\ Mam20t}]9i£;tSi*S3il^/HI!i 
tc-© 0 , iwfaiM cOHi&T y7-oaj7|* j e'J^ =Sr & 
i 5 icb«ISa^ y^r yy'im& L . lfflfif£Kiifi!am l 

z.szmsnmmTyymtzwomz.&ztzmmk^ 

hh^X'hh* 

[00 2 5] *Sc0li*^8c0^BJ{±, ^T-fX^^ie 
fSXtiH^SCfflV^iX, fl7t^^7t^7)-fJL. 7t 

*7-,9 izmtt LX Z^imit*:^ XJy t'-^&Z/fjl 



1. W,2<F>*r4 Kb-/,^LTS7tL . ^il^OS3tft 

mzm^ ^xh?v* yymgm^$:&jtL~t &i\ktz£ 

7 y * >' ^'MMfi^^^KciD V >T, 31 1 O-r-Y K b' 
— A<07*7 v-i7Vl. fS-^$raii3t-|.M 1 OUttr XT* 

H2co^-f Kt-Acor-y^ .x7*^fl-^5rl±57J-ri> 
3FJ20M!!!T>-r>: . ^-O t'-A<7j7 0 y ^ slTH-M^ 

mt>i-^M3 corner yyt. mimi. mi&mm 

Tyycry^^^^iW—ie.^^ yttcb&olzlt 

m^t. mi, m2<7)m)Tyy<?)&iim.t&ti i mL< 

t£h£^\zmkfh>s?y?,Tyyh . mi'^y^T 
yy<Dtn^m±^im~thtm.Tyyi:. imxticD 

Wtim&&-h-fh%4(?>mhTyrh . A+)fi^2rW.« 
(Mtfs l t fiifim4 cohmt > r cas-ft-r s "raw-f y 
ryy't . m&<7y*Tyy<r>liijjm±cr>m}s$:l£,jj 
■t&m50)£MTy7°b . HuE»n»T>-7-&i/H*jiem5 
commt y rottiTi £ sik LTmte^y xr xrt 

tii73-ri»miOfl]0}S^l5i:, HUie»3coaWT>T-c7) 

mi-^co«) 0 mi zfflffl-t$> t mz . Huia^ 5 > >- 
TRi/mm^yj yryycoy^ y^wdz-fh^yv 
v-?t. £mm-tz>ztztmt-f&t><7)X'h&„ 

[0026] *p£Off3R«9cO^BJ{i. fS*Ji8lS«tC0 

5 oniiiT >-t\ Hirtem 2 ofl] o mis^rn'mu^iim 
t,zw *) mi . mmm4 comhr yycrna^m^t % % 
<£ 3 \zmw <y yxryy&sm t , mmmzmi^ 

yTyy&yy^ >arf&^EL. mfiamio^^ja^s^iu 
fejn*ryriBi)(^ Byiem2^om^§iSrm3ioiii«) 

[0027] if.m<^mm l OO^Ii. tcti X9cr> 

h 5 y ^ CfiBW IX ^ORSt3K^^^ ^'(X \z-2±Rtf 
mi, W>2.0y*jr j { Ht'-At LTS^tL. Z-i\to<?>%.3t 

m^zm^x h?y* y9'w&m^?t$Lfcfh ztiz 
t-Acor y ^^yum^ita^-t^m 1 omnrry? 

H2<7)^IJ)Tyr t , * A Xh'-A(?)77 i--i7VHI-§- 

2rdi7jt-i.m3o^i&r>-rt, Miami, m2co^fj> 
T yy^tHtiz: ^^ft*<-5£ co 7-M yt^h&olzit 

mz^i. mi, m 2 corner yycomjjn^m l < 
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mryyt. wiW^yy7.yyycr>^n±<r>^i^^ 
Ij-tzmsnmmryyb. mamscomjTyy^ta 
XRVmimscvmmTyTXVftttztL&^J yy-y 

[0028] *mnmm 1 1 omnii. m^m 1 oo 
h77^f >ywm.m^£ssj3imzi5 \ ^T . twf em 5 <r>& 

w 4 srsetw-r 4 c t mt lcd 
xh&» 

[0029] ^mnm&m 1 2 amm& . ut*JS 1 ox 

[0030] itmwmxm 1 3 cryftWiS. , 5fcr -r X?<0 

mi, si2fio->M Kt'-^h L-c^tu <r^^<^g3e 
fi-f-^*o'(, >t h7^ yy&Mmm ^st-s ^tt 

J: 0 , jEf^^Wh^y? fcftx*' -y h £ £ 
h y >y df y j/MUft-^feJS^fifcitSV , m 1 <r>~*?4 F 

t'-A£or>y ~s 3.7- >vmm 1 ^^iter^r 

sii. m 2 vmmTym&iiwmifim t < 

SrSidKtiGI-r&^yxTi^ri:. msi^y yxT 

yrco^n±z:tm-thMTyrt , Byieflaary 

VM3commryy°coii!,jj<7)mftm.$:iii7]-tz>&4(7mL 
Wryyb. md.*y>ATy?<7)ftJ}m±<7)miz:ft 
tt&m5cr>mmTy7°k. msS.y°y->^.y°/^m^com 

h7uxn^x^^Mb. miZMS&mMTym&l} 
Sr«HaWfc1*#U mWlfuA'VUXlzX-^X'J-t y b 

•t&mft&t. *mffitz>ztzmLb^&i><nx'h 

[0031] 1 4 CD^BJUi:. jft&g 1 3E 

&£i:?t^ mW^yyxryy^-n^mm^hzb 
^m.b^h^<r>X'hh. 

[00 32] 

B^om 1 nrnmnrnmiziiWh by-v* yyw^m^± 
timmz-^^xm 1 ^#B3t^* { ^i^^-s. 0 1 «* 



ia3«g 1 cDmmcommiz&ifz, by? ^yywmm^ 

Mm-Vt^zttvxwm%mw* ! m^& . n 1 tis 

ft^MieL/cSTt^t'^^. mi, m2<^mmry 
78 . 9 imw>y° v : s*7>vmtztnf& by ?* y?m 

gm^£j8MWlz&^X. y\K&lWt Kt'-A. ^ 
2c7)-»f^ K b'-ACOT* y iTAfl^-S P P 1 . S P P 

2£a}^-rsnta7>-rT-'£>&. xms^nt&ryTi 

0 4 y \L-J±<T>? -y^j. 7VMI*5-M P P Sr tt^-T 4 

H»ry7-c*>*. ;<5^ry7i 4^mryy 

8 . 9 i O tB* Ztlh -y is 3-7)Vm^Ztt LT . 

x<7)1i\mm%-1Eb LooBr^tf5f«M9W>«MiXtt. 

tmryri it,z?jjzti, ^yy-/>-^y>vm^n± 
nmztittk. ryri 2iz^>o. mm^m^m^ti 
h . x Lxm4 <7)mmT>T i 3Xs<4 >y yiy^yn- 
m^MPPbcmmzw&zbizxL & (4) comn 
izx o by v*>mmu&mcm. 

[0 033] rtyyXTyyi4<7)—m*7Ft 

M8&mx'$>&. m2iza\ l ^x . r<5vxr>-7 , i4tcA 

^)$il^2«W. ^^A^JffiKl 5, 1 6£tf-LT, 

r>-7°i 7 , 1 8izx^xmm*i\&» &T>y<r>mn 

^T^fii5iS 19. 2 0(3, ffiifr£§2 1 S:i>L--<:^«ff 
ix^/H~r-x§ixTv^ 0 %v>&m. Tyy\lM<7) 
Umifiltfixl.Z . 7^718 m<7>* IJ^#* ^ TJ!^ ^ 0 s 2 ocT) 
JpflLf iJttti^C-SC^^ J: d tHW»$*i4 . Z<7> J: o 

tt^yyxTyri 4 ^irLxv-yy-y iy j-y^m^ 
mi *p<ntm7yy\ ixnm*tiui. ^y yxyyy 
i A<mmvcmzi. ttigm 1 1 oaj^w-^ini 

[0 0 34] 02OOfi^-(£, t77-yyi7;MlfS 
PP1 J:0t», -y^r-yi/jL^kfi^SPP 2<7>i®S<y) 

(4) CD&mZt&by-y^yfimm^TEiZ^ T^r 

5^7^77? #1%^ LT v is . i cr>m^z.^y yxr 
yyi 4^-ftLxv-yy-y^^yfim^sp p i<^>m<m 
b, vyy vi/*yA-m^spp2cryfflmb$:mz-&£ 
oizmw3-&« ztxtonryyi KciOJngct, 
rr» ^ir/Hi^-s p p l . s p p 2<ry%m j %x-*>h 
sppftm^zn&zbizj;*). mi9bmm<o*7b 
y~,7<r)%\^by»y* yymmm^z&h z t tfx-* 
h.^-h.^ryy-y^^yivm^sppi, spp2^ 
mmimw sppmm^RV by y^y-rwrnm^ 

E <r> b y v 7 frh (7)-rti-^T *-fe'om;t X' * 

[0035] cioiotcfc, 
giU^fii. hJ <y yx y yy i 4 IX ta»t & z b 
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coo36] ( m 2 (om^mm. ) act* 2 comm^m 

•t^. , [23(4. *|^iOll2co|IS£^.^43(tl) hy 

geHB*r=itB&-ri.. H3(CJo^T, ^»T>-r2 2tiv\'7 
>XT>'7° \4frh<7)2 m&lwm J)*rK^> 1><DX*$> 



HII)Tyr2 2c0aj^(±AD^^|2 3iCj;oTA 
D $ ft . [2^ L • & !» vfr- jKT D -fc y * (C {±J^3 § ft 

So 

[0037] CO J: 0 izm&ZiXtz h 7 -> * y^UMfm 

W7y' y ^jl7*;HI"§-SPP 1*1 • sin (<?- 
<S) . SPP2arA - sin (6 + o) t^&t, %<r> 

[»5] 



sin(0-o*)+A-sin(<? + <5) 

= ( i+A)cos5*sin& + (A-l)sin5-cos 6 

= -V(l+A) 2 cos 2 <5+(A-l) 2 sin 2 <5 «sin(5 + a) 



= VA 2 +l-2A(sin 2 £-cos 2 <5) • s i n ( 0 + a ) 

= VA 2 +l-2A-2A(sin 2 d-l-cos 2 5) 
• s i n ( 0 + a ) 



= "V ( A — l) 2 f 4 A c o s 2 <5 • s i n ( 0 + a ) 



fila = arcian (Ani. . JLLQjL) (5) 

1 1 + A cos 5 J 



sinS 



lit. sin ( 6 + a ) affijRfi. laTOffitSr*. 



[»6] 



V(A-l) 2 + 4Acos 2 «5 
[0038] I^i'jC. 2 0c7)-tf7'r y^j.r;kft^- 

fti*^ ( 4 ) c7)?sso^±^$fti. h 5 y^yymM 

7h7 y ?#5r< £ 0 , jfcr ■( ^^±Otf#^'jEL <ffi 

5e^»ryr2 2icj;oT 

MSO^fy^^^xT^n 4<7)fHg*rfr?.Ii:#T'# . 

[0039] ( m 3 (r>$m<7>mm ) mz^wnm, 3 0 
mt&v&miz^ t >t 12 4 £ ffl v ->t i^Hfi-r s . ^mmnm 

mi, a»T>'7*2 2^)ffi^fi«l*»JK«J:<SiaiL, 

0 . Ma: l^sh 1 xi4gs 2 <r>m^^m.t n— 



(6) 



[0040] AD^S#§2 3{4. H»T^7 0 22<7)tt5lj 
SrAD^m-r-i>i»^T^> , 9, Jt«S§3 8{4. AD« 

23<nfcy)<r>\z-7m.tt-)VY^h'±hix\z^ ^<mt- 

-/UKffii; , 7KJX>VVX%&&2 4(r>\i! t -h^>VXl l zm 
M LT&JiJ Lfc A D^miS2 3 coa^J i: Srit^-T S 

[004 1] C:ft^b0^i■f•0{afflM^^:la5^C:^LTV^ 
125(4. t/ry^a^fSPP 1 , SPP2 

^^yr-yyi^HifMPPX^. y-yy-yisx. 
yiva^m^s ppi-spP2t$. ^co^pt/^ 

[0 04 2 ] 125 ( a ) . ( b ) tCfcV^-C, Sfi-t5 a 
14 . ^yy-y^jL y>vm^ SPPl <7)}lilS#-9-7'7 0 -y >' 
iT-yPfi-f - S P P 2 i 0 v ^^Hfl-^T'^) 0 . 
M«-§-5bt4, A9^7yri 4OPSc0.^*, ^7' 

y y y a. yium^ s p p i t yyy -r ^ -rwsft s p 
p 2<m^tfm^tz^<r&^ : $:ti%^x^h« 
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mw^- sppi-spp2ii, * -f v a 7>im 
m p p t bs 9 o s^fixT 9 , iryr ■» v a 7vi*>£ii 

^SPPl-SPP 2<OSiH{i. trr>y v- jt7VHg-5- 

5 P P 1 , S P P 2 H±<7)fi«*«fiJo t Z^TWc'bt 

[ 0 0 4 4 ] X. y ^.x77Mi-^S P P 1 . S P 

P 2H±<^8«* { M»ofcfc Z hX\ ^77-/ *sa.7M» 
Mft-f-S P P 1 - S P P 2t,iJ<-1 > 7 •:/ ^jL^Uft-^M 
PPiTS9 OKOffiffl-fft-kSrO. *4V7*t$s*.7 

Mm<7)**U ? O^A>'t/r y >- a 7VKO^ff S P 
P l-SPP2WilifBb'-^Ai:-grt-^. ffiot . V 
77 -j i^j-7"fl<7)M:im^SP P 1 - S P P 2<7)MmV— 

$fL^» ^ oxavux^h 2 4 <v&ji iz mm vxtkta i 

/KS^-SPPl. SPP2H±f5JilB££-*>-£SSI3S£ 

[0045] i a -r *uf 3* ( 4 ) <7)m%<r>m%gLf&.%ix 

hYy»/* vfWmt^* 7h77;^<t;iA J 
>-^£IXoT&ft^£fI^£ffl^&*:46(C. -9-77? is 

^.7fu<rmm^spp i-spp^jgj:<«?ai-rs«r 

[0046] ftClOllMOSfireii. ? dx^v^14 
H2 4(iHt!)Tyn 0^4,ai^$ix-S>^-< >7°-y->i 
7VWfl-$§-<y)-fcf DX*T7 o^'Oka. £3&£^.g> 2 o 

^ >7mMM^7cr>-t£ni7Z3XfiLlzm^ >T 7 u y 7 /VI 

9*^iO-9-7*r-y^ J .7-;Pft^-SPP 1 . SPP2W 

[0047] ( SS4 <7>m&<7)mm ) #t*?&BJ^3g 4 <7) 

6 is , *5MBtf5» 4 <^mmcomm^-r7x3 -* 9 mx-$> 

h« meiza^x. luffiot <n tmi%<F>mm*$ktii-i> 
fcVM, *l<0«JO»i»2 5ii, *f77vis*.7)V<r> 

mm 3 %s??\-'s>p?2X'hhkz%<rm$rTv72 

2<7)l]iJ3t. t77y yi7/K7)?Dfif S P P 1 + SP 
P2T'^l»i:C^<7)ia^T>'ri l<Ott7J£^D8U& 
i><73T£>£. «2<Ofl]0JSi.§l2 6J2^-f y7'yya7 
/Mi-Sf-MPPi:. gS£K/M-te'nl^/U-) i;£tiJ9J& 
i.l>*><7ye£>S„ AD^Jif|2 7{±MIftT>-7-l 3«0ai 
7J £ A D^M IT ffiTJ-T h i> <r>X'hh . 
[0048] ZLXmmiZft. tJJ9JSI;t2l2 5KJ:o 



r/U-fi^-^flJ0mi.^2 6(;J:^TjgBi^. ^o^ft. 
tft77-y isjL7)l<7)mm^S PPl-SPP2^k^ 

$ixT2l»jTyri 3*^ttJ7j$iV AD3S*B2 7fc: 
^tfi $ ixh . Mo T £ Ok # <?) A D^Mititi tfWvbt % 
hXo{,Z.'\y>'XTy714im&i-^ZtizXr>X. 
SPPi, SPP2£>SNI£— §:$-£l>« 
[ 0 04 9 ] X. ttfp*£tt. «J0»i»2 5ariDftT 
>-7" 1 1 ^^^26 *H»T>-r 1 0 MCflJ 

9 81 £ & . £ 5 -Tixtf M»r y i>- jl 7MZ J;Sh5>^ 
V ^IfiMft-f-^IIWT >-7* 1 3 «t 0 tfJTD ZtlX . A 

[0050] z<7>j;o^ mom^25, wK>mz-2s 
2 6(3j:oT. mmmtmimtxm)7>7i sizm 

IjZixhm-^ZVMWiz.hZtlzJ:'?. ^7h77?* 

%<-?titbcr>ifmi)**imtfr2>iffr r )X'%< , srawfc 

-C'#S .Ik 

[005 1] ( ^ 5 ) J^tC . ^IgBJ^m 5 

H7Ji, *ftffl<nm5cr>mt&<7)mmizjolf& h??*y 

T, 3ybn-728li HKjT^I 3^ai7J^J±J 
L . yXT^7*2 9 . TO^-f >-T>7° 3 0, «J0 

jfti.S2 5, «jo«i.»2 6*<tn-€ f ifi«i»r**)^)t* 

A'7VX7y72 9ll ^7^7^71 4kll 
m<7)ftm£ftO %><T>X'$ihifi, 3yhD-728i?)ffi1] 

y>f yry73ot, r>-ri 2>:|5itt^fflSr-r§t 

coX'fohifi. ay\~n-=7 2&i,zi.-?xmmZi\. ffiE 

[0052] 3 (cWiRSiifc h y 7=*fy^lfi 
^^lOWf^toV^TlMBB-f *. 118(2, *^BJ<D 

mt&cvBBiz&i-rh . h77^- > ^isnft-^^B^so 

!M££^-f 7o-H-e£>.g>. H8tcfeV>T, itT4X7 

7 2 811 tlTO i d ^rlW^^ff 3 . 
[0 05 3] ^fy7S 1 tCfcV^TW 0^i.§5 2 

5Zftm.T^71 imtzWO&z.. WK)Wiz.%s2 6Zm 
mis^/lsmitZWOWiZ-X . -9-7'7 , -y>'i7'/POSifE#$r 

°r^MyT>-r3 0*/i-L-ciitJ)T>'7*i 3t;ai7i-r 

4. 3yhD-728liXf77S2, S3l:fcUt. 
aiftT^l 3<50J±5^)* J =?>'ha-^2 84iOAD^ 
Is 2 7coA7)l--y^Ai> J: 3C. ^^*>f y7>73 
O^ySr^tS. Xx-yrS4tct3V%Tfl] 
0»i»2 5S:a»r^r2 2fiUcffllL--r. *r77~,-s 

3-7)vm^<r>mbm^*:m®i7y7\ 3i,ztii^-th. z 

(^f-y7S5). 
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[00 54] CCOJ: l£.*S$£y4 >T>7°3Q<7)y4 >- 
%$zLX, AD3g««2 7A^)A*»H*!IHIL5flr* f 4> 

7VK7)H(l-f-S P P 1 - S P P 2 =s:««tiaaj-c 

m&**<om&>V-? L . 9 ^kxjfets 2 
4 <7>ai7J (35MB L T 1MB Lit W y ^ * 7VKOHfi-§- 

(c , 3yhD-7 2 8*^A'7yx7 > 72 9 fCjM ft L 

r^vtl. (7.-fv7S6, S7). ^LTfHBjWft/R: 

S9tci>tvciiT^y-f >-ry/3 0(4. in^l/^ 77 
•y > • jl 7/l^»I^^{fi(c&.g, 4 3 izYJ y&fcfe? 
h. iiCAf':/7S 1 OlCtSWt. «0»i*2 6* 
H»>T > 71 OIC^LT. * -f > 7° •:/ -> 7VHM 1 
k . 77'7 y jLT;HB#<03aH)Srl5l& £ fc (c J: 0 . h 

[0056] C<7)£: ^7 7y:7i7;UOlGfI^c7)ffi 

CI. ^ >-7* yv-i7°/Ut. ^aXoTti^iOnr^y^f 

77-773 o^asaswa^wc* 4 . ^^>t^ ( 4 ) 



&5tlT«> -I i: . A 5 yx7>'72 9 OpSt t i, 
(~. T^}M77773 0</}7''f 7£&jrc#-g>£4:i: 
=5:0 , *T^7W VTV7°3 OfOPISA^t^rO. ISS 

■#iBi£&arf * - 1 ^'t-§ 2> . 

[0 05 7] ft. Zcry^ti&DmMlZ&^X . ?oX.a';V 
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